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ABSTRACT

To delineate dfifrenL:es in the resistanca of irradiated and nonirradLatod
animals to live tularemia vAccines, the chronological appearance and growth
rate of LVS in the lung, liver, spleen, and blood of guinea pigs were studied.
Nonlcradlaced controls and guinea pigs having received 140 R three days
previoualy were exposed via the rizp'rttory route to.: 1.0 cells of LVS and
sacrificed at Intervals from one to 21 days, No major difference* were noted
in the time of spprarance, growth rate, zaximust organissm content, or time
o: clearance of LVS from the tissues of Irradiated and nonirradis•td animals;
hence, there was no evidence of a change from a self-limiting to a fulmi-
nating type af Infection resulting from irradiation of the animals. Also,
no appreciable difference in the time of appearance of agllutinins or aximal
titer was noted in the two groups of animals. The production of agglutinins
in £rradiated animals in response to vaccination with LV9 Ls in contrast

.. to the reported inhibition of antibody response in animals Inoculated with
mamuequsut to irradiation&

.., .• . ... ...

rI



EFFECT OF SUBLi'CHAL X-IRRADIATION OF GUINFA PI•LS
ON VACCTNAL TULAREMIA INFECTION

We previously reported t:hat sublethal X-irradiation of guinea pigs
threi days prior to respiratory exposure to normally innocuous doses of
Pasteurella tularensis vaccine strain LVS resulted in 25 per cent
morLality.* No differences were noted between irradiated and non-
irradiated animals weth regard to febrile, hematological, serological,
or immnLune responses. The present study was designed to elucidate any
differanc• In the growth rate of LVG in the tissues of irradiated and
nonirradiated animals. In addition, the appearance of merum agglutinins
was determined.

A 000.KVP X-ray unit was used for irradiation. Whole body exposures
were made in a plastic wheel cage at a distance of 1O0 cm, dose rates
ranged from 56 to 73 roentgens (R) per minute, Total dose delivered to
the animals mom 140 R, t;; mazimmm sublethal dose for 325!_,- L375-,
ii.Alkw,. Uartlav atrain, au-ine-a Pigs u"' 4 E- tLh.. rmgt animaL. Three days
following whole body irradiation, groups of i*,lILaL d aZ.i L nLrr±". tco
;,une.. p,. e wtre. -u--it't' to-inhale 18B viable calls of vacclne strini
(LVS) cnntained in -v small particle aerosol. Four irradiated and four

nonirradiatod animele were sacrifteid at sight intervals ranging from
t,, Lo 21 day; follou1ni, aerosol exposure. Blood wAs olloctad for

strological and cultural studies and the left lung, spleen, arid a liver

lobe were removed aseptically. The solid tissues vere weighed, moistened
with gel-saline, sad then ground in Ton broeek homoganizars. Appropriate
dilutions were prepAred from all tissues and plated on glucose cystaLne
blood agar and incubated four days at 37C, This technique allowed the
calculation of the number of viable LV$ calls par g of tissue,

ComparablA groups of animals were not saarifteed but used to obtain
data on survival and subsequent imunity, .

The growth curves of UVS in the lungs of irradiated and nonltradiated
animals are shown in Figure 1. Each point in this and the following
figures represents the average viable count of E. tularensis pear g of
tissue and was based solely on samples from which the organisn was
recovered. Biased on impingor recovery the inhaled done of IN'S per g of
lung tissue should have been approximately 4.0 x 1(J cells. It was
eutimated that approximately 10 per cent of the &dse would be retained,
If the curve is extrapolated to time zero, the value would be approximataly
4.0 x 10P, precisely the predicted retained dose. No appreciable
difference in the growth rate of LUS was observed in the langs of irradiated
and nonirradiated animals, A logarithmic increasein viable population

* Nutter, J.E., snd Eigelsbach, H.T. "Exposure of guinea pigs to X-irradiation
and P. tularensis of reduced virulence," Medical Bacteriology Division,
U.S. Army Biological Laboratories, Frederick, Maryland. September 1964,
(Technical Manuscript 163)



10 6 .'

105

IRRADIATED

103- NONIRRADIATED\\

U,

"T. 10

DAYS AFTER EXPOSURE

Ftfur2 I. Urowth o.f LV2 in the LAMS of I'•radLatsd and Monrtl•dsated
• - 11illea Figsi.

- occurred from Day I to Day 3. maxima counts per a of tissue were obtained
at three days. Thereafter, the number of organisms gradually declined;
"none were recoverod from. the lungs of either group at 21 days, On Day 8,
the lungs of the irradiated and nonirradiated animals contained appro•xintely
I0' and Id' viabla cells per g, respectively. Since the lungs of irradiated
and nonirradiated animals had previously contained a much greater number of
cells and this difference occurred during clearance, it was postulated that
a log difference in count at this time would not account for the increased
lethality.

The growth curves of LVS in the liver are shown in Figure 2. In both
irradiaeed and nonirradiaced animals, Lhe organisms first appeared two
days after respiratory exposure nnd maximum growth occurred on the third
day. From thp firsr through the sixth day, the curves were similar, On
Day 8, LVS was not isolated from nonirradiated animals whereas approxi-
mately 20 orgauisms were present per g of liver of irradiated animals. LV3
was not isolated from the liver of elther group un Dayc 14 and 21,

gI
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ro-2 4 66L 142
DAYS AFTER 5XPOSIJRE

Ftgu4re 2, Urowth of US$ in tho Liver of Irradiated and Hanirradtavad
Qtines Pigs.

_ Alltwo groun,e of vintme I*. £krgmnittas wort trt r~_cosvead o~this *atand Ali-znf ter oxposurn. A logsiritbmic increase inl LV" WIN evtidanz TWI t-ie- firm: -4t
to tho third day. With the puassbie vxcption of data oltoined tIshi 4ayia
afi~or uxpoaure to LVG. no d~forance in growth rate was obsut';ed betwoen0,(h irradtateaan noninrradinted animn~la

The ma2xfmwhk US population per antirs-opepan wAs Only 500O rganisms,,_
far below the level expected in the CA11e Of An 60tiVI Or fulmi~atitn
infecti~on, Aftov eight days viabla counts gradlually 4eeaiznad, . LIVI
was niot racovered from tho spleens of aninmals o eidther group 21 days -

:ifttr respiratory exporuro.

LVS WAR imoliated ouly uporadklci~y Erom Lho bfuud and no particular'
pattern was evident. Viable, counta were of. the ord-ir of Mie to-ten - -

organismi per ml.

The agg~titin~n rosponse of ir~radiated and nonirradiated guinea pigs
ir Rhown in Table 1. Agglutinins were first observed in the sera of
oi1thor group of animaels eight days aftev exposure to LVS. The titers of
all anfiials remained positive throughout the 30 day period. In general,
agglutinin titers of Irradiated anifnals were lower than agglutinin titera 4

(if nonirradiated animats,.

t.
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Thirty days following the aeroeoL exposure to the vaccine strain,

23 per oAnt nf the irradiated vaccitnated group held for observation hod

diad. Few deaths oc curred In vaccia•ted or irradiated ontrols. AiLwAls

of Aach group were challfenged suebcutaneously with l• cells of highly

vtrilei-tt P. jM4a@.U SCHU 84, All nonvaccinated Ant.sulu, irradiated

and nonirrA'iatedO suaccubed within six days, Vaeouated animwli, both

irr.tdinted and nontrradiated showed resistance to the challenge. jHowver,

nontrradLated vaecLneas exhibited a &lightly higher grade IIsmn•ty than

"IrradiALtd vaccinees. rhe difference In immunity wasn not as marked as

that reported in the ltq4r•ture 0or other utcrooraninam whigh describes

the poor Immune zooponse of irradiated r•rimals to killed vaccine# in

coinprinon Co nonirradiated animals.

In general, no marked dltieeflenome wnere noted in the growth ratr,

oximal viatte population, Lime of appeariance, Sad a1isrance of INs

in the blood, Lung, livar, and spleen of irradiated and nonuri4dL04*d

mitls. All -o unadrtad/iLed A 0 a*4 Ii Ln 0a 4 9C64

lannie was obsearVed ammoig lradiato'v vat L;.u-ji 'r rCM=:rLM% ~WitAio
thi SoS...t .599" 

em~rva-4

a.h,.-hAlty Irradlte-d Stinea pis exposed to normally loficaultlff dOwuu

of 1. tii±icrj41A vacein strain L" it not Ourrolstad Vith a vajorr fegt-

," -. , -, eOsn-_snp of the "ni"10 to Live Va41n.•. AJsO no

ev t; enc 0 1Cr a change from a meli limiting Lip a EuL3mfattng typi' ui

Infavrtion waxn obtained.


